Summary -Measurements, line drawings and scanning electromicrographsare provided of Baujardia mirabilis gen. n., sp. n., isolated from pitcher uid of Nepenthes mirabilis from Thailand. The new genus differs from all known nematodes in having two opposing and offset spermatheca-like pouches at the junction of oviduct and uterus. It also differs from most known Rhabditida in having four cephalic setae instead of papillae. Phylogenetic analysis of small subunit rDNA sequence data robustly places the new genus within Panagrolaimidae as a sister taxon to Panagrellus. These unusual nematodes resemble Panagrellus in body size (1.8-2.7 mm in females, 1.3-1.9 mm in males) and in the monodelphic, prodelphic female reproductive system with thickened vaginal walls and prominent postvulval sac. However, they differ from Panagrellus in the characters mentioned above, in their comparatively longer stegostom and in the shape of the male spicules. Because of its aberrant characters, inclusion of this new genus in Panagrolaimidae requires changes to the family diagnosis.
During a visit to Tung-Kai Botanical Garden in Trang Province, near the Isthmus of Kra, Southern Thailand, one of us (Hendrik Segers) sampled the liquid contained within pitchers of the carnivorous plant Nepenthes mirabilis (Lour.) Druce, in order to obtain some of the peculiar rotifers recorded from such habitats. Except for some unidenti able bdelloids, no rotifers were found, but the samples contained abundant material of a remarkable new nematode genus together with some diplogastrids. Some of the unique morphological characters of this new genus make its placement dif cult. In order to obtain additional information about the identity of the nematode and its position in relation to known taxa, we conducted molecular phylogenetic analyses based on the small subunit (SSU) ribosomal DNA. In this paper, we describe this new genus and species from Nepenthes and present an emended diagnosis of the family Panagrolaimidae.
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Materials and methods

SAMPLING
Samples were collected by ltering the content of some 50 pitchers through a 50 ¹m plankton net and were immediately xed by adding one tenth of the sample volume of concentrated formalin (36%) at ambient temperature. Nepenthes mirabilis was encountered near the end of the trail through the primary swamp forest of Tung Kai Botanical garden. A single bulk sample was collected on 18 July 1999. Several additional samples, including a sample preserved in 70% ethanol, were collected on 13 January 2002.
MORPHOLOGICAL OBSERVATIONS
For light microscopy, nematodes were processed to anhydrous glycerol (Seinhorst, 1959) and mounted on aluminium slides with double cover slips. Measurements and illustrations were prepared from camera lucida line drawings using Olympus BX50 and BX51 DIC microscopes and the drawings were prepared using Illustrator ® 8.0 software (Adobe Systems, Mountain View, CA, USA). For scanning electron microscopic (SEM) observation, glycerine-embedded nematodes were rst transferred into a drop of glycerine, gradually transferred to distilled water over a period of 4 h, then dehydrated in a 25, 50, 75, 95, and 100% ethanol series at 2 h intervals, followed by an overnight dehydration in 100% ethanol. Dehydrated nematodes were critical-point dried with CO 2 (Wergin, 1981) , sputter coated with 20 nm gold, and examined with a JEOL JSM-840 at 15 kV.
In addition to slide voucher specimens, morphology of the new genus was recorded as video clips that mimic multifocal observation through a light microscope following the Video Capture and Editing procedures developed by De Ley and Bert (2002) . The resulting virtual specimens are available on the web (http://faculty.ucr.edu/»pdeley/vce/Nep/nep.html).
Terminology on stoma morphology was adapted from De Ley et al. (1995) . The papilla formula follows De Ley et al. (1999) : pre-and postcloacal papillae are separated by '/', with precloacal papillae listed rst, and the number of pairs in each cluster of papillae separated from the adjacent cluster with a '+'. The 'p' for phasmid pair is omitted, as we did not observe any phasmids.
MOLECULAR ANALYSIS
The nematodes were rehydrated in distilled water for 1 h to remove ethanol. DNA extraction and sequencing were as described in Tandingan De .
The DNA sequence of Baujardia gen. n. (GenBank accession number: AF547385) was aligned with the published sequences of 21 other taxa. A secondary structure alignment was constructed using Dedicated Comparative Sequence Editor (DCSE v.3.4) (De Rijk & De Wachter, 1993) , based on the unweighted SSU rRNA model of Van de Peer et al. (1998) derived from base-pairings detected as compensating mutations, with equal weighting to stems and loops. Using Modeltest (Posada & Crandall, 1988) this alignment was analysed to determine the appropriate model of DNA substitution (GTR + I + 0, 6 substitution types) and to estimate the substitution rates, relative base frequencies, gamma distribution shape parameter, and proportion of invariable sites.
Using the parameter estimates obtained from Modeltest, molecular phylogenetic relationships were reconstructed with neighbour joining (NJ), maximum parsimony (MP) and maximum likelihood (ML) algorithms implemented in PAUP* 4b10 (Swofford, 2002) . During the analyses, trees were rooted using Plectus. Gaps were always treated as missing data. To estimate overall support for monophyly, NJ distance calculations were performed with 3000 bootstrap replications with corrections for multiple substitutions using Log Determinant distance measure (Lockhart et al., 1994) . MP heuristic analysis was performed with 3000 bootstrap replicates and without bootstrapping with 100 replicates of random branch addition. Finally, a non-bootstrapheuristic ML search was also performed with 100 replicates of random branch addition. The trees were then compared statistically using the Kishino and Hasegawa (1989) pairwise tests with ML and MP optimality criteria, and Templeton test with MP optimality criterion. Cladograms were examined with TREE-VIEW 1.6 (Page, 1996) and converted into graphic les for Adobe Illustrator ® 9.0.
Baujardia mirabilis * gen. n., sp. n. (Figs 1-4 
DESCRIPTION
Female
Body large (1.8-2.7 mm), almost straight after xation. Cuticle nely and faintly annulated, 0.8 ¹m wide at midbody. Lateral eld narrow (2.5 ¹m wide at midbody), starting at end of procorpus and becoming inconspicuous at anal region. At midbody, lateral eld forming a single protruding ridge anked by ne, faint, indistinct longitudinal lines. Mouth opening partly covered by six liplets each bearing a labial papilla. Liplets continuous with six discrete lips separated by shallow grooves. Four short cephalic setae, 3-4 ¹m long, placed at base of subventral and subdorsal lips. Amphid opening slit like, encircled by a round shallow incisure and situated two discontinuous annuli posterior to setae. Stoma triradiate, relatively wide along full length (on average one third as wide as head diam.). Lengths of cheilostom, gymnostom * The genus name is given in honor of Dr Pierre Baujard for his outstanding contributions to nematology. It is to be regarded as feminine in gender. The speci c epithet refers to the biotope this nematode inhabits, i.e., the pitcher uid of Nepenthes mirabilis. and stegostom in ratio 1 : 1 : 2. Cheilostom without distinct sclerotisations. Stegostom divided into two parts in sectioned specimens observed with SEM. Posterior part apparently with seven denticles or digitate projections ca 2 ¹m long, reclining against, and posteriorly connected to, stoma wall. Projections as observed with SEM in two specimens and consistent with light microscope observations on three females positioned as follows: three in dorsal sector and two in each subventral sector (the second projection in the right subventral sector was presumably sliced through in Fig. 4B ). Dorsal gland opening at base of these projections. Basal lamina visible between gymnostom and stegostom (arrows in Fig. 4C ). Neck region forming one fth to one seventh of body. Pharynx divided into a cylindrical corpus comprising on average 68% of neck length, a short isthmus and an oval bulbus with transverse valves. Cardia well developed. Nerve ring at transition of corpus-isthmus. Excretory pore 15-80 ¹m anterior to nerve ring, wide but often dif cult to nd because of its lack of sclerotisation. Deirid not found. Intestine with wide lumen demarcated by refractive lining, microvilli visible anterior to rectum. Rectum long, with large sphincter cells at its beginning.Reproductivesystem monodelphic, prodelphic, with posteriorly re exed ovary. Oviduct always with two distinct nuclei, located at exure between ovary and uterus. Two opposing and offset spermatheca-like pouches present at junction of oviduct and uterus. Each pouch with one distinct terminal cell, its lining with a membranous appearance. 
Male
General morphology similar to female. Body 1.3-1.9 mm long, arcuate ventrad and especially so in posterior region, with tail usually curved into 1.5 coils. Cuticle nely annulated, 0.8 ¹m wide at midbody. Lateral eld indistinct, with several discontinuous lines, extending slightly posterior to cloacal opening, 3 ¹m wide at midbody. Neck region comprising 20-25% of body length. Excretory pore from 80 ¹m anterior to nerve ring to 6 ¹m posterior to nerve ring. Reproductive tract occupying 50-75% of body length, monorchic, dextral, testis ventrally re exed for 36-120 ¹m. Vesicula seminalis containing large granulated spermatocytes. Spicules massive, arcuate, each with complex angular manubrium and well developed velum. Demarcation of shaft and velum strongly sclerotised, spicule tip not divided. Gubernaculum with ventral triangular extension and prominent crura which may protrude from cloacal aperture. Papilla formula: 1 C 1 C 1=1 C 2 C 1. Seven precloacal papillae: rst pair subventral on cuticular sockets at about two anal body diam. anterior to cloaca, second pair lateral, less than one anal body diam. before cloaca, third pair subventral on cuticular sockets at level of precloacal lip and one medioventral papilla located on higher socket at same level as second precloacal pair. Four papilla pairs on tail: rst and fourth pair lateral, situated respectively at ca one and two anal body diam. posterior to cloaca. Second and third papilla pair close to each other subventrally with second pair more pronounced. Tail 
DIAGNOSIS AND RELATIONSHIPS
Baujardia mirabilis gen. n., sp. n. differs from all known nematodes in having two opposing and offset spermatheca-like pouches at the junction of oviduct and uterus. It also differs from nearly all known Rhabditida in having four cephalic setae instead of papillae, in the presence of six liplets, and in the apparent absence of phasmids.
This new genus resembles Panagrellus Thorne, 1938 in the long body size, in the elongate-conical tail and in the monodelphic, prodelphic female reproductive system with posteriorly placed vulva, thickened vaginal walls and prominent postvulval sac. However, Baujardia gen. n. differs from Panagrellus in the characters mentioned above, in the comparatively longer stegostom, and in the more robust male spicules with complex angular manubrium and undivided tip.
The liplets, cephalic setae and lack of phasmids are characters reminiscent of the genus Teratocephalus de Man, 1876 in the family Teratocephalidae, but our new genus differs from this family in numerous respects, e.g., the amphidial apertures are located on the lips, there is a distinct differentiation between the pharyngealcorpus and isthmus and the female has an elongate reproductive system. Another taxon in which liplets and setae occur on the lip region is the family Chambersiellidae. However, members of this family have distinct labial setae, more posteriorly located amphids, a much narrower stegostom and the tail is usually equipped with a hook-like mucro. Overall, the mixture of characters resembling members of different families precludes unequivocal placement of the new genus on morphological grounds alone. In view of the molecular analysis discussed below, we conclude that it belongs in the infraorder Panagrolaimomorpha,superfamily Panagrolaimoideaand family Panagrolaimidae. The morphological diagnosis of Panagrolaimidae must be revised signi cantly to accommodate our new genus and the new information on some other panagrolaims recently described by Stock et al. (2002) . As a result, very few unequivocal diagnostic characters currently remain for Panagrolaimidae, especially when compared to families Cephalobidae, Chambersiellidae or Brevibuccidae (we consider the latter two to be incertae sedis -see De Ley & Blaxter, 2002) . Molecular data are clearly essential as an additional source of diagnostic characters in these nematodes.
MOLECULAR PHYLOGE NY
The nearly complete SSU sequences of the 22 included taxa consisted of 1491 (Rhabditophanes sp.) to 1611 (Panagrolaimus sp.) bp, with an intermediate value for Baujardia mirabilis gen. n., sp. n. (1587 bp). The secondary structure alignment comprised 1769 positions, of which 971 (55%) were variable including 715 (40%) parsimony-informative characters. The A + T content of Baujardia gen. n. was 53%. Table 2 summarises the bootstrap support for, and monophyly of, clades in the obtained trees. NJ, MP, and ML trees consistently support (100% bootstrap) a sister taxon relationship between the new genus and Panagrellus redivivus (L., 1767) Goodey, 1945 (cf clade A, Figs 5-8) . Panagrolaimus sp. has an uncertain position relative to these two genera: it is placed within the same clade in the NJ and ML trees, while the MP trees place it closer to the strongly supported sister taxa Halicephalobus gingivalis (Stefanski, 1954 ) Andrássy, 1984 and Turbatrix aceti (Müller, 1783 ) Peters, 1927 . Consistent maximal support was also given to sister taxa Plectonchus ), but analysis with a more focused dataset con rms its placement in a monophyletic superfamily Strongyloidoidea (Dorris et al., 2002) . As the purpose of our study was to explore phylogenetic af nities between Baujardia gen. n. and its closest relatives, we limited the number of sequences included in our dataset and it is therefore not surprising that resolution of relationships among higher taxa remains unclear in our trees (e.g. aphelenchs are not found to be monophyletic).
BIOLOGY
We assume that the pitchers of Nepenthes mirabilis are the natural habitat of Baujardia mirabilis gen. n., sp. n., considering that the species was found alive in several pitchers. These pitchers contained a relatively diverse fauna, dominated by mosquito larvae, midges and the new genus, in addition to a few dipteran and coleopteran larvae. The most abundant prey insects in the pitchers were ants and diverse ying hymenopterans. Apparently, a diverse assemblage of organisms lives in association with the pitchers of this Nepenthes species. This may represent an ecologically complex community similar to the better-known association inhabiting Sarracenia pitchers (e.g., Kitching, 2001; Greeney, 2001) . Possibly the nematodes have a phoretic relationship with one or more insect species. Closely related genera are also capable of withstanding harsh environments; Turbatrix aceti (the vinegar eelworm), Panagrellus redivivus, P. silusiae and P. nepenthicola inhabit vinegar, bookbinder's paste, beer lters and pitcher plants, respectively.
Not much is known about the occurrence of nematodes in pitcher plants and they were not even mentioned in a reference work of the Nepenthes-inhabiting fauna by Thienemann (1933) . More extensive study is needed to investigate the life cycle and biochemistry of this unusual new genus. Moreover, pitcher plants and other epiphytes are clearly a promising source of surprising new nematode taxa.
Discussion
The nematofauna of pitcher plants in Indonesia was studied by Menzel (1922) , who reported the genera Plectus, Dorylaimus, Rhabditis and Diplogaster. He very brie y described a new species; Anguillula nepenthicola Menzel, 1922 which he considered as the only true inhabitant of pitcher plants and not an accidental recovery. Anguillula nepenthicola, together with several other species, including Panagrellus pycnus Thorne, 1938 , was later placed in the newly erected genus Turbator by , which later (Goodey, 1945 ) became a junior synonym of Panagrellus.
As P. nepenthicola was described from the same habitat and similar geographical region as our new genus, we have brie y examined Menzel's (1922) very limited description to justify proposal of a new species for our material, especially in the absence of original illustrations for P. nepenthicola. Both species are comparable in length (1.8-2.7 vs 2.3-2.9 mm for P. nepenthicola) and in vulva position (average of 76 vs 77% for P. nepenthicola). The relative tail length is, however, clearly longer in our nematodes, being on average 125% of the vulva-anus distance vs only half the vulva-anus distance length in P. nepenthicola; the male tail is on average twice the spicula length vs three times the spicula length in P. nepenthicola; the female c value is 6.2-8.9 vs 9-10 in P. nepenthicola and the male c value is 6.7-11 vs 12-15 in P. nepenthicola. The identity of P. nepenthicola became somewhat clearer with the redescription by Micoletzky and Menzel (1928) although only the male tail was illustrated. The most ap- parent similarities of the new genus with the redescribed P. nepenthicola are the muscular vagina and long postvulval sac (103-149 vs 78-150 for P. nepenthicola). However, the spicules of our new genus and species have more angular manubria and their tips are not bi d (an indistinct bi d tip can be observed on the original illustration of P. nepenthicola). Furthermore, the male tail is more strongly curved compared to P. nepenthicola and the number and positioning of the genital papillae is different. The difference in tail curvature, however, may be due to cold xation of our nematodes.
The genital system of the new genus is panagrolaimid and shows similarities with the morphology of the female gonad of Panagrellus redivivus (according to results obtained after extraction of the genital system by Geraert et al., 1980) . As in P. redivivus, the exure of the genital system is formed by the oviduct and a pair of distinct oviduct cells are observed at the spermatheca side.
However, the two opposing and offset spermatheca-like pouches observed here represent a unique feature amongst described nematodes. These pouches are probably glandular, rather than having a function in sperm storage, as suggested by the unusually large size of the sperm cells and their occurrence throughout the uterus of gravid females. Possibly each compressed cluster of sperm originated from successive copulations, as multiple matings per female might be more frequent in a limited and liquid environment. Alternatively, the movement of eggs could cause the break-up of single clusters of sperm.
On morphological grounds alone, it was not immediately apparent in which family Baujardia gen. n. should be placed. The molecular analysis, however, robustly places the new genus as a sister taxon of Panagrellus within the Panagrolaimidae. As a matter of fact, the morphological similarities with Panagrellus, as discussed above, are relatively obvious a posteriori, but were not evident before the molecular analysis. Morphological characters such as spermatheca structure, stoma organisation, the presence of liplets, setae and amphids are generally considered to be appropriate to characterise a family. However, the placement by molecular analysis of this morphologically deviant new genus illustrates the inconsistency of these characters within the family Panagrolaimidae. As a consequence, a morphological rede nition of this family is required.
Panagrolaimidae Thorne, 1937
EMENDED DIAGNOSIS Lip region without probolae or mbriate processes. Labial sensilla papilliform, cephalic sensilla papilliform or rarely setiform. Cuticula nely annulated (annules usually <1 ¹m wide). Stoma fairly wide anteriorly, stegostom usually tapering, comprising between 50 and 66% of stoma length, never with distinct subdivisionsof its lining. Pharynx with cylindrical procorpus, metacorpus cylindrical or with valveless median bulb, terminal bulb valvate. Female reproductive system monodelphic, prodelphic. Spermatheca usually absent or axial, rarely offset as in Cephalobidae.Uterus-oviduct junction exceptionally with two offset spermatheca-like pouches. Postvulval sac present or absent. Female tail conical with pointed tip. Males without bursa, with one unpaired papilla and ve to seven pairs of genital papillae, arrangement variable. Spicules often with wide velum, gubernaculum often with posteriorly expanded outline. 
LIST OF GENERA
D Tylorhabdus Sukul, 1971
Panagrobelus Thorne, 1939 Panagrobelium Andrássy, 1984 Panagrolaimus Fuchs, 1930 Plectonchus Fuchs, 1930 Procephalobus Steiner, 1934 Tricephalobus Steiner, 1936 D Pseudorhabditis Kreis, 1929 D Trilabiatus Goodey, 1963 Turbatrix Peters, 1927 
